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ABSTRACT

A Hydrogeochemicaland StreamSedimentReoonnaissfince(H*R)
for uraniumis currentlybeingconductedthroughoutthe conterminous
UnitedStatesand Alaska. The HSSR is part of the NationalUranium
ResourceEvaluationsponsoredby the US Departmentof Energy.

Thisambitiousgeochemicalreconnaissanceprogramis conducted
by fournationallaboratories:Los AlamosScientificLaboratory,
LawrenceLivermoreLaboratory,Oak RidgeGaseousDiffusionPlant,and
SavannahRiverLaboratory.The programis based on an extensivere-
view of world literature,reconnaissancework done in othercountries,
and pilotstudiesconductedby each laboratory.Sample-collection
methodsand sampledensityare determinedto optimizethe probability
of detectingpotentialuranium❑ineralizatim. To achievethis aim,
each laboratc?yhas developedindependentstandardizedfieldcollec-
tionproceduresthat are designedfor its sectionof the country.
Fieldparameterssuch as pH, conductivity,cltiate,geography,and
geologyare reoordedat each site. Most sam Ies are collectedat

8densitiesof one samplesite per 10 to 23 km .
The HSSRprogramhaa helpedto improveexistinghydrogeochemical

reconnaissanceexplorationtechniques.In additionto providingin-
dustrywith data thatmay help to identifypotentia:.uraniumdistricts
and to extendIcnownuraniumprovinces,the HSSR also provldesmultl-
elementanalyticaldata,whiohcan be used in waterquality,soil,
sedlmentjenvlronmental~and base-metalexplorationstudies.
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INTRODWTI~

In 1973, the AtomicEnergy

Resource Evaluation (NURIS). The

_iaalon initiated a National

major objeotive of this progmm

Uranium

la the

aasemment of the nuclear fuel resouroea in the US and Alaska (US Department

or Energy, 1979). The N~B program is now administered by the Deparbaent of

Energy (DOE) and consists of hydrogeoohaimioal and stream-sedimentrecon-

naissance,aerialgama-ray radiometric surveys, toploalgeolqgicstudies,

world-class studies, subsurfacegeologlcinvestigations,technologyapplica-

tions,and remurce-estimatiorlmethodolo~.

This reportIS ooncemed with the Hydrogeoohemicaland StreamSediment

Reconnaissance(HSSR). Four DOE laboratories,LawrenceLivermoreLaboratory

(LLL), Los Alamoa ScientificLaboratory(LASL),Oak RidgeGaseousDiffusion

Plant (ORGDP),and the SavannahRiverLaboratory(SRL),have conductedthe

hydrogeochemicalprogram. Areas of responsibilityare shown for each labora-

toryin Fig. 1. Each laboratorydevelopedits own geochemicalreconnaissance

programfor uraniumbasedon the and fundingconstralrltsand emphasizedthe

determinationof uraniumconcentrationsin both naturalwatersand waterborne

9edtient3. 1%1s reportsurmnarizeathe programsdevelopedby the LASL,ORGDP,

and SRL. The LLL programis not discussedbecauseof the very smallaerial

coverageby thislaboratory.

RECONNAISSANCEGEOCHWICAL EXPLORATION

In the HSSRprogram,reconnaissancegeoc5emicalexplorationcan be

readilydefinedas any ❑ethodwhichemploysa systematicsearchfor uranium

deposits by detectingone or more elementsin samplingmedia. The analytical

precision(reproducibility)requiredgenerallyneedsonly to be quantitatively

accurateenoughto distinguishaboveand below backgroun~ (Levering et al,
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1956). However, beoaae relativelylow

ooumeroiall.y exploited,it IS neoessary

3

oonoentrationsof uranium can be

to be able to analyzeaccurately

concentrationsof uraniumas low as 0.01 partsper billion(ppb).

All of the laboratoriesuse delayedneutronoountingto analyzeat least

partof theirsamples. This❑ethodhas provedto be precise,as well as rapid

and inexpensive,for very iw levelsof uranium. Other•~ jr methodsof

analysesincludeneutronactivationanalysis(LASL,ORGDP),plaama-souroe

emissionspectrography(LASL,ORGDP),iluorometry(LASL,ORGDP),x-ray

fluorescence(LAsL),and atomicabsorptionspectrophotometry(ORGDp).

The media❑ost coumnly used in geoohemicalexplorationare listedin

TableI. Unfortunatelyno singlemediumis a panaceafor the geologist,and

the one selecteddependson sevei.alvariables,includingthe type of material

availableto sample,geology,climate,topography,and the geochemistryof the

element(s)sought.

Geochemicalsamplingcan identifythe presenceand aerialextentof new

uraniumdistrictsand can extendold uraniumprovinces,but it cannotsupply

the thirddimension--thedepthof the body (Brown,1971). Reconnaissance

geochemicalexplorationis only one meansof localizingareasof inter~st;for

maximumsuccessit is imperativeto integrateall availablemethodsof

explorationand to utilizeall geological,geochemlcal,and geophysical

informationavailable. In the HSSR,areasidentifiedaa favorablein the

reconnaissancephasecan thenbe used to guidedetailedfollow-upsurveys.

THE SEARCHFOR URANIUM

Duringthe complexdecz~of uraniumto its variousdaughterproducts,

severalradioactiveelementsare formedthatcan be deteotedeasilyby direct

radiometric❑ethods. Simple,rapidmethodsusinga gamma-radiationdetector
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suoh as a (3eiger-Mulleror scintillationcounterare ineffeotivawhere a

relativelythin inactiveoverburdencoversan ore body (Bowieet al, 19?1).

Bemuse uraniumis solubleand beoauseof the recentuse of highlysensitive

analyticaltechnologysuoh as neutronactivationanalysis,whichpermitsfast

and relativelycheapautomation-typeprograms,the use of geochemio.al❑ethods

of explorationhas yieldedfavorableresults.

Uraniumin ❑ost rocksocoursas an oxide in the +4 valence. In

weatheringzonesof surficialenvironments,the uranylion is oxidizedto the

+6 valence,which is easilyleachedfrom surfacerocksand carriedinti

solutionin most naturalwaters. This hexavalention generallystaysin

solutionuntilit is absorbedor encountersa reducingenvironmentwhere it is

precipitatedas an hydroxide. Organic❑atter in streamsand lakesprovides

favorablesurfacesfor the precipitationof uranium. However,uraniumalso

will precipitatewith ferricand manganichydroxides,particularlywherepH

and carbonateion concentrationsare low (Dycket al, 1971).

Uraniumis extremelywell suitedfor hydrogeochemicalsurveysbecauseof

itshigh volubilitycomparedto most other❑etals (Bowieet al, 1971).

Generalreviewsof the use of hydrogeochemicalprospectingare foundin Hawkes

and Webb (1962),Bradshawet al (1973),and Levinscn(1974)amongothers.

However,the mobilityof uraniumdependson severalfactors,includ]rigthe

timeof year,weatheringand erosion,pH, Eh, absorption,the permeabilityof

thegeologic❑aterialin whichwater is in contact,and the contentof clay

mineralsand colloids. In the HSSR program,ti~e and fundingconstraints

requirethatany fiel,dmeasurementstakenare a maximumaid in evaluationof

the data,yet requireminimumtime in the fieldto conduct. The field

measurementstakenby each laboratory,respectively,are listedin Table II.
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Media used in the HSSR Program

In the HSSR program,

are the major❑ediaused.

studiesand heliumsamples

streamwater,groundwater,and streamsediments

However,organlcswere used by ORGDP in pilot

are oollecteclby SRL in pilotand reconnaissance

studies.

oollects

any area

Because❑uch of AlaskaIS extensivelycoveredby lakes,LASL

lakewatersand l?!kesediments. The typesof samplescollectedIn

dependon the resultsof extensiveliteratureresearchof studiesin

similarterrainhavingoomparabiegeologyand geography(TableII).

Streamwatersmay be most usefulin the broad-soaledeteotionof anom-

alousareas in both reconnaissanceand detailedexplorationprog”ams(Saukoff,

1956;Grimber:and Loriod,1968;Bobergand Runnells,1971). This media is an

invaluabletool in heavilyforestedand mountainousterrainin which accessis

difficult. Furthermore,accordingto Fix (1956),uraniumcan be consideredto

be a rough indexof nearbygeologicformationsin most naturalwaters. How-

ever,naturalwatersmust come into contactwith ❑ineraldepositsand remain

in contactwith themlong enoughfor some of the ore and/orindicatorelements

to be dissolvedand for dispersionpatternsto form. In addition,hydro-

systemsare generallyvery complex,and a knowledgeof how thesework is

essentialIn the detailedinterpretationof geochemicaldata.

Groundwatars,becauseof theirlong residencetimewith subsurface

rocksand potentialto containmore dissolvedmineralsthan surfacestreams,

can provideInvalll?blesubsurfacedata. Samplesof well waterand spring

watermay be particularlyvaluablefor explorationin arid regionswhere

groundwatersnot only penetratedeeply,but may be the onlymediumavailable

to sampla(Boyleet al, 1971). This medium is also usefulin humidareas,

wheresurfacestreamsconta’inlow uraniumconcentrationsbecauseof continual

exposureof outcropnto rainand consequentleachingand ramovalof soluble
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uranium(Littleand Durham,1971). For optimumuse, groundwater samples

shouldbe takenfromaquifersat known depths(Bensonet al, 1%6).

Streamsediments(wet or dry) also are valuableindicatorsin outlining

geocnemicalprovinces. In the last 12 years,streamsedimentsurveyshave

been the chiefmethodfor geochemicalreconnaissanceexploration(Rose,

1977). Informationfrom sedimentsamplesoan be relateddireotlyto the

catchmentbasinof eaoh stream. This type of medium is not affeoteddirectly

by climaticchangesas readily

valuesin sedimentsamplesare

recognizableanomaliesthan do

as surfacewatersare. C~nsequently,uranium

generally❑ore consistentand yieldmore easily

uraniumvaluesin surfacewatersthat fluotuate

betweenwet and dry periods. In areasof high reliefor in desertareas,

streamsedtientsamplesmay be the only availablesamplemedium. In Sweden,

streamsedimentshave been used extensively(Brundinand Nairis,1972)and as

a geochemicalprospectir~❑eclumare clearlydesiredover watersamplesby

someauthors(Norse,1971). Investigatorsdifferas to what type of sediment

sampleto collect;Morse (1971)favorssamplesccmposedof elastics,Dyck

al (1971)favororganic-richsamples.

In some regionsof Alaskathat are extensivelycoveredby lakesand

underlainby permafrost,the low reliefresultsin complexand disrupted

et

also

drainagesystemswith poor circulationand with sedimentsthat are irregularly

deposited. Therefore,lake watersand lake sedimentsmay give the best

resultsin theseareas. These typewater sampleshave very low uranium

concentrationsand a laboratorywith sufficientanalyticalcapabilityis

needed. Dyck et al (1971)have showedthat lake samplingin partsof the

CanadianShieldis effectivein delineatingareas favorablefor f~.ture

explorationand is fasterthan sureamsampling;however,they emphasizedthat

lakesshouldbe samplednear inletsand outletsto obtainbest results. Other
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surveys utilizing lake samples inolude MaoDonald (1969), 14eyer (1969), Boyle

et al (1971), and Dyck (1974).

Various combinationsof mediamay providethe optimumexploration

method. For example,in a rain-forestterrain,a streamwater (and possibly

streamsediment)sampleooupledwith a vegetationsamplesmight be optimum.

Eaoh particular phgaiographio province should be studiedseparately,and all

sampling❑edia shouldbe thoroughlytestedIn the orientationstudies

(Bradshawet al, 1973;Levinaon,1974),particularlyif vegetalor blogeo-

ohemicaltypemediaare used. Biogeochemioalstudieshave been used with some

sucoess especiallyin arid areas (Bowieet al, 1971). For example,in the

ColoradoPlateau,a deep-rootedvetch,Astragaluspattersoni,requires

considerableseleniumto grow. Becauseseleniumis associatedwith uranium

depositsin thisarea, thisspeciescan be used as an ore guide (Massingill,

1979). However,biogeochemicalstudiesinvolvecomplexinterrelationships

betwec~geology,soil science,botany,and ecologyand shouldbe used with

extremecautionfLevinson,19711).

AncillaryElements

In searchingfor uraniumdeposits,the major elementof interestis

obviouslyuranium. But certainotherelementsmay forma much wider

dispersionhalo resultingfrom theirchemicalbehaviorand weathering

characteristicsand ❑ay act as supplementalindicatorsof uranium. The

Indicatorsor pathfinderelementsmost coumonlyused in uraniumexploration

are molybdenum,sulphur,lead,arsenic,vanadium,zinc,copper,nickel,and

cobalt(Hawkesand lJebb,1962). Otherelements,suchas gold, tin,and

tungstenca,]be ar,alyzedfor theirown worth. Rare earthelementsprovidea

basis for in-depthgeochemicalstudies,particularlywith respectto uranium



mobilizationand ow genesis!.:n general, the ❑ore elementu sought, the more

potential value

for analysis by

facilities, and

the analytical data have. The particular elementsseleoted

the respectivelaboratory depend on pilot surveys, analytical

funding constraints (Table II).

SETTIHGUP AH HSSR P~RAM’

From the principles first applied by Russian scientistsin the early

1930s,geochemioalexplorationhas evolvedtremendously.Reviewsof geo-

chemicalexplorationfor uraniumhavebeen compiledby Boyle et al (1971),

Bowie et al (1971),Grimbert(1972),Dall’Aglio(1972),and Rose (1977)among

others. In addition,larp‘:-scalegeocheaicalsurveyshave been conductedin

Canada,Finland,Francs,Norway,UnitedKingdom,and the USSR,as well as the

NURE in the US. Most proceduresand ideagreviewedin this paperarc a direct

consequenceof similarHSSR programsdevelopedin other countriesant!of

standardgeochemicalsamplingpracticessummarizedby Hawkesand Webb (1962)

and Levinson(1974),conformedto ❑eet with individuallaboratoryphilosophy

with respectto the area of responsibility.

In a programof the magr~itudeof the HSSR, certainproblemsare

inherent. More than one miili;nsampleswill be collectedfrommore than

650 000 locations. These samplesthenare transportedto the laboratmy and

analyzed. The raw datamust be editedso that it is analyticallycorrectznd

site locationsare accurate,before it is reportedto the public. Lastly,the

samplesneed to be archivedfor futurereference. Becausethe different

regionsof responslbilit”containextensivemountainousareas,basins,pied-

❑onts,and desertterrain,each laboratorydevelopedits own efficient

program. To accomplishthisgoal, the fivebasic stepscited in Table III

were followed.



* .
9
.

In the lHSR~ the goal is to ample the antire US and Alaska so that

areas favorable for uranium exploration are delineated on a regional scale.

In all likelihood,data fran the HSSRprogramwill not identifiore bodies,

but rather,it will help outlinegeoohemicalprovincesthat can be used to

delineateareasfavorablefor detailedfollow-upstudies.

Aftermanagement~ms selected,a thoroughliteratureresearohwas

conduoted. The geochemistryof uraniumas well as regionalinformationon

typeof geology,climate,structure,knowntypesof ore depositsin the area,

proven❑athodsof exploration,and various types of equipment available for

field sampling and field❑easurementsweke all examined. Basedon this

research,an initialprogramwas set up.

As uraniumdepositsseldomocourundersimplegeochemicalconditions,

ona importantaspectIn developinga successfulHSSR programis the abilityto

testall methodologiesand samplingphilosophies.Most geochemicalanomalies

resultfrom the movementsof naturalwatersand soils;therefore,it is also

necessaryto understandthe geometry,size,and type~f dispersionpatterns

thatmay existand how theyare influencedby geology,climate,and topography

(Loveringet al, 1956). This is doneby meansof’Dilotor orientation

studies. The idealplace to conductpilotstudiesis in the vicinityof known

uraniumdepositscharactei-isticof the regionbeing studied,wherethe extent

of dispersionhalosfor anomaliesrelateddirectlyto ore bodiescan be

determined. Ideally,the areasshouldnot be contaminatedby humanactivity

so that naturalgeochemicalpat:ernscan be observedand comparedto back-

groundlevelsin unmineralizedterrain(Hawkesand Webb, 1962). However,such

areasmay not be availableor may be limitedto smalldeposits. SL~dies

shouldcoverthe fullrangeof environmentaland climateconditionstypicalof

the studyarea. In addition,technicalparametersand limitsof’the program
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am tested,modified, ah. improved until a methodology 1s developed that

satisfiesthe goals of the overallprogfanl.Soae parameter that need to be

consideredin designing and undertaking an HSSR program are listed in

TableIV: the pilot studies oompleted by t,hs laboratories are shown In Fig. 1.

Each laboratoryhas developedfor its own areaof reaponsiblitya field

procedures❑anualthat e%plai.nathe purposeof :,he prwgram; the mm, cali-

bration,and use of fieldequipment;and general ‘1.wedum co be followed for

all aspectsof the program. Becausevarying❑ethodsof collectionand a.ample

preparation?ffectthe ef’festivenessof geochemicalsurveys,fieldprocedures

and equipmentare continuouslybeingupdated,and pilot studiesare conducted

for each new regionso that the manualsare revisedannually.

The lastand possiblythe most difficultstep in Table III is to

completethe program. To accomplishthis,the DOE laboratoriessubcontract

themajorityof theirsamplecollectionresponsibilities.The samples

collectedaccordingto systematicand standardizedsamplingprocedures

are

that

are outlinedin samplecollection❑anuals. All fieldequipmentnecessaryto

collectsamplesand to takeand recordthe requiredmeasurements,including

samplevialsand data forms,are providedby the laboratories.At least two

setsof maps whichcontaineithera grid outlineor preselectedsampleloca-

tionsare also provided. Fieldpersonnelare requiredto atter,da short

trainingcoursewhere the objectivesof the program,sampling❑ethodology,and

careand calibrationof fieldequipmentare taught. Samplersare requiredto

be at?leto reada map and recognizegeologicregimes. The DOE providesiden-

tificationcardswhichare issuedby laboratorypersonnelaftera prospective

samplerattendsthe trainingcourse. In addition,each laboratorypvovidesa

publicrelationsbrochure,writtenfor the layman,explainingthe HSSR. In

everycase the propertyowners‘ rightsare obeyedand respected. Laboratory
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.“ ~ml am pr@$Wt ba a@ewlaoqy oapaclty tiurirgall aspeotsof the

aampllngand providehelp with equipmantmalfunctionsand accessas well as

with motiltcringthe program. Subcontractorare requiredto oontact the
—.-

respective Iaboratwy personnelat leastveekly? In addition,LASL and SRL
,----------—--.-. ,,

requhc fieldcrewsto keep a composite1° x 2° NT14Squatirar~leshowingthe

process of the oon.traat.,

.: Cqtract a’rea? generally oover one or more NTMSquadrangle. Acceaais

providedby the subcontractorand usuallyinvolvesprivatevehicles. However,

samplecollectionin somemountainousterrainrequiresfour-wheeldrive

MSSt ?rea~in Alaska are sampledby use ofy~_lglejg,.lhorge&j,or-backpacking.

helicopters.

FIELDMEASUREMENTS

Thereare ~everalchemicalfactorsthatcontrolthe sol.ubilityof

uraniumin water,severalof whichare listedin Tabl”eV. A reviewuf the

literatureshowsdisagreementas

Uraniumitself’is stillthe best

listedin TableV, the following

to which❑easurementsare most important.‘

indicatorof uranium. Of the measurements

are relativelyeasy to measurein the field.

@- In general,as pH decreases,uraniumcontentIncreases. However,

becauseuraniumis solubleover such a wide rangeof pH (Grimbertand

Loriod,1968),pH is importantto intcr~retakiononly when extreme

valuesare encountered(Ostleand Ball, 1973;.

conductivity- Uraniultconcentrationsin watersof a given regiongenerally

correlatewith concentrationsof majorcomponents(approximatedby

conductivity),i.e.,an increzsein conductivitywill usuallycorrespond

to an increasein uraniumcontentin naturalwaters(MacDonald,1969;

DalllAgIiu,1971;Dyck, 1975).
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temperature- The temperatureof’wateraffeetsthe rate of che~ca~ and .,

biologicalreactionswhichc=y Influencethe concentrationof uranium

(Fix,1956;Ostle and Ball, 1973).

equivalenturanium- Scintillumetermeasurementsof ‘shieldinn and ‘shield

outn readingsallcwan equivalenturaniumvalue to be calculated,whiah

thencan be used as a ground truthtie for airborneradiomet:icdata. A

high equivalentvalue❑ay be an indicationof mlnevalizat.hnof uranium “.’

and thoriumdaughterproducts(Whiteheadand Brooks,1969).

In general,fieldmeasurementsare takenby use or small,lightweight,

batte~y-operatedportablefieldinstruments(Figs.2A and 2B). Ij’picalPH

❑etersweighabout0.5 kg, can be easilycalibratedin the field,are tem-

peraturecompensated,and have a ~0.1 pH precision. Spareprobescan readily

be exchanged. Conductivitymeters,similarin

meters,can measureup to 50 000 vmho/cm(~1%)

use of a standardizedKC1 solution.

size and weightto the pH

and are easilycalibratedby

All temperaturesare measuredwith precalibratedthermometers.The air

temperaturein the shade is recordedto the neanestcentigradedegree. The

watertemperatureis usuallyrecordedto the nearest0.5°C.

Severaltypesof instrumentsthat combinepH, conductivity,temperature,

and dissolvedoxygenmeasurementsare also zvailable. One type,a Model U-7

Horibawaterqualitychecker,is a lightweightinstrumenthavingthe

versatilityof makingthesemeasurementswith only one pieoeof equipment. It

is idealfor use In areasof difficultaccess(Fig.2C).

40°C,~0.5°C),conductivity(0-2000pmho/cm,25 pmho/cm),

~0.1 pH), and dissolvedoxygen(O to 20 partsper million

be measured. This instrumentis batteryoperatedand can

Temperature(O to

pH (O to 14,

(ppm),~1.O ppm) can

be recharged.
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Alkalinity measurements

Groundradioactivityis

are usually performed with fieldtitrationkits.

meaauredwith portablescintillometers.

Sme watersamples❑ay containabundantsuspended❑aterial. This

materialmay requirefiltration,as the suspendedmattermay oontaln

additionaluraniumthat is not in solution. All laboratoriesfiltertheir

watersamples. Dependingon the weightand size limitations of sample gear,

several different filter models are used. Ohe lightweight type used by LASL

is shownin Fig. 3A. A slightlydifferentand heavier❑odel is used by SRL

and runsoff a fluorocarbongas canisterthat can applypressureup to 40 psi

(Fig.3B).

In any programof thismagnitude,thousandsof sedtientsamplesare

handledduringpeak periods. Becausesamplesare analyzedfor both uranium

and multielements,of particularconcernis what materialcomesin contact

with the samplewhich coulddrasticallyaffectthe traceelementdata.

Consequently,a methodto coll~ctthe sample(usuallysome sort of plastic

SCOSP),transportthe sample(eithera plasticor paperbag),and the

particularsize fractionrequiredfor analysishad to be determined. All

laboratoriesanalyzethe fine-sizedfractionthat passesth=ougha 100mesh

screen.

SAMPLECOLLECTI!3N

LASL

The LASL collectionproceduresare writtenfor samplescollectedeither

in the RockyMountainstatesor in Alaska(Sharpand Aamodt,1978).

W~tersamples. In the RockyMountainstates,about50 ml of water are

collectedin two 25-mlvials thathave been prewashedwith dilutenitric

acid. Ground-watersamplesfromboth wellsand springsare collectedas near.
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the emergencesource as possible. Holdlngtankscre not sampled. Stream

watersare collectedfrom the flowingcurrentaway from the bank. All waters

are filteredthrougha 0.45.Mmembraneand aoidifiedto pH ~1.O with 8 M

reagent-gradenitric &cId. All watermssurementsare made with instruments

previouslydiscussed(Fig.2).

In Alaska,50 ml of waterare collected,but due to the high costs per

samplelocatio~,the time-consumingoperationof filtrationis omitted.

Measurementsare usuallytakenwith a Martexdigitalwaterqualityanalyzeror

a Horibawaterqualitychecker(Fig.2C). In additionto LASL standardfield

measurements(TableII), dissolvedcxygenis taken for all Alaskawater

samples.

SedtientSamples.

threeaajacentspotsat

up to 1 kg of

each loration.

polyethylenescoop. The sedimentmust

sedimentIs collectedfromat least

The sampleis usi~allycollectedwith a

be water transportedand takenbelow

waterlevel (if water is present)and must containenoughorganic-rich

fine-grainedparticlesto filla 25 ❑l polyethylenevial. In lakeareas in

Alaska,the sedimentis collectedwith a speciallydesignedn-kg, suction-

operatedbottomsamplerthat can be droppedfrom the side of a helicopter

(Fig.4). Aftercollection,sedimentsare put intoa rip-toppolyethylenebag

end doublelabeled. The subcontractorthen dries the samplesat less than

100°Cand sievesthe samples,retainingonly the fractionthatpassesthrough

a 100mesh screen. Groundradioactivity❑easurementsare takenat all sites.

ORGDP

The ORGDPoollectssamplesaccordingto a ground-water(OakRidge

GaseousDiffusionPlant,1978a)or a stream-uater(Oak RidgeGaseousDiffusion

Plant,1978b)format.
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GroundWater. Mly w1l watersare colleated. After fluah~ngthe pipe

systemand rinsingthe water containers,two 250-uA polyethylenebottlesare

filled. The samplesare takenas close to the wellheadas possible,but all

treatedwaterand holdingtanksarc avoided. The samcileaare then sent to

ORGDPfor filteringthrougha 0.45-vmcelluloseacetatepaperand analysls.

All fieldmeasurements(TableII) are made with a Horibawaterqualitychecker

(Fig.2C] whichhas been in operationfor at leasttw minutes. This instru-

ment is calibrateddaily. In addition,totalalkalinity,phenolphthalein

alkalinity,and ❑ixed-indicatoralkalinityare determinedwith a LaMotte

alkalinitytestkit.

StreamSamples. A streamwaterand streamsedimentsampleare col-

lected,when possible,fromall basinlocations. Streamwatersare collected

at the pointof maximumflow. Aftera water sampleis collected,the same

fieldmeasurementsare made as for a groundwatersample.

Sedimentsamplesare gatheredwith a scoopand collectedparallelto the

longitudinalaxis of the stream. The sampleconsistsof a compositeof

severalsamplestaken2 to 3 ❑ apart. The sedimentis collectedfromthe

activeportionof the streamand all organic,windblown,and floodplain

materialsare avoided. At least?5 g of the -100 mesh fractionare required.

Aftercollection,the sampleis placedin a paperenvelope,sealedwith vinyl

tapeand sent to ORGDP. It is then driedat 85°C and sievedto -100 mesh.

SRL

The SRL samplesare collectedaccordingto proceduresoutlinedby Price

and Jones (1979). Sampleproceduresvary accordingto sampletype and climate

and are groupedaccordingto groundwater,surfacestreamtakenin humid

areas,or surfacestreamtakenin ary.dareas.
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GroundWaters. Springand well-watersamplesare collectedas near the

sourceas possible. Well systemsare thoroughlyflushedbeforesampling. All

treatedwaters(e.g.,chlorinated)and samplesfrom holdingtanksare avoided.

Aftersamplecontainersare prerinsed,about2R of water are collected.

Samplesare filteredthrougha 0.8-vTNucleporemembranein the fieldby use

of a pressurefilterapparatus(Fig.3). Temperature,pi!,and conductivity

measurementsare takenon the unfilteredwatersamplesby instrumentssimilar

to thoseshownin Figs.

alkalinitymeasurements

2A and 2B. About50 m2 of filteredwater

%hat are

Becauseof the low uranium

easternUS and becauseof sample

ion-exchangeprocedure. About 1

made with a fieldtitrationkit.

is used i’or

concentrationsin water samplesin the

preservationproblems,SRL developeda field

R of waterwith a conductivityof 500 pmho/cm

or less is mixedwith 59 ml (2 OZ) of 100-to 200-meshhigh p~witycation-anion

exchangeresin. FOP samplescontainingoonductlvltyvaluesgreaterthan

500 pmho/cm,a smallervolumeof water is used. The ion exchangeresinis

mixed for about 10 minutesusing a battery-operatedstirrer. The resin is

thenallowedto settleinto the original59-mlbottle,which is sent to SRL

for analysiscf its contents.

Dissolvedheliumis measuredfor all groundwatersamples. The col-

lectiontechniqueis modifiedfrom Dyck et al (1976). Generally,a clean,296

❑l (10-oz)softdrinkbottleis filled,a specificvolumeof waterwithdrawn;

the bottleis capped,inverted,and thensect to SHL for analysis.

SurfaceStreamsTaken in HumidAreas. Sampleproceduresand Measure-

ments for streamwatersamplesare identicalto thosefor groundwater

samples. In addition,60 LM of filteredwater Is collectedin a 59-mlbottle

containingultrapurenitricacid.



A sedimentsampleis collected

SOOOP (forsilt to rookybottoms)or

atainleagtubewith

leastfivesediment

steelsieveis used

Is retained. About

Kraftpaperbag and

an attachedbail

sampleswithina

eitherby use of a spring-loaded

17

jaw

by a bag wunplerwhich consistsof a

and bag (forsilt to sand fractions).At

20 m radiusare oomposited. A stainless

to fieldscreenthe sedimentsand the -100mesh fraotion

0.5 kg of the -100mesh fractionis then plaoedintoa

labeledwith a flowmasterpen. samplesare driedat 90 to

100°Cbeforesendingthem to SRL.

SurfaceStreamsin Arid Areas. Pilotsurveyshave determinedthatsoil

samplesfromarid areasgenerallyare as effectiveas streamsamples,although

dry wash areasare avoidedwhen streambeds coexistin the samegrid square.

The sampleprocedurefor dry sedimentsis the same as for wet sediments;how-

ever,the sampleis usuallycollectedwith a shovelor trowel. If significant

amountsof windblownsand are present,a compositeof at least 15 separate

areasis used and the sampleis then sievedto a -18 to +40 and -40 fractions.

Both size fractionsare then sent to SRL.

FIELDOBSERVATIONS

In a reconnaissanceprogram,chancesare high thatany particularsample

locationwill not be revisited. Therefore,it is essentialto recordall

fieldmeasurementsand observationsat the site so that the informationlater

can be used In evaluationof the data.

To do this,each laboratoryhas developeddata formson whioh the

samplercan recordthe sampletype,location,weather!possiblecontaminants,

fieldmeasurements,and geologicobservations.Becausesome fieldobserva-

tionsrequiresubjectivejudgmentby the sampler,observationsare number

codedto requirevery littletrainingor backgroundand can be recorded
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in minimaltime. Each form has additionalapace for connuentsor clarification

of information.Figure5 is an exampleof the form usedby the LASL and can

be adaptedfor any t;me of samplenormallycollected. The SRL has separate

data formsfor groundwater samples,surfacesamplesfrom humidareas,and

surfacesamplesfrom arid areas. The ORGJPuses two typesof data forms,one

forgroundwatersamplesand one for streamsamples. However,the oontextof

all data formsfor all laboratoriesis similar.

In addition,each laboratoryhas systematiccodednumberingsystems.

The LASL USed prenumberedadhesivestickerswhereasthe 3RL and OfiGDPemploya

systemthatrequireswritingthe samplenumberon the samplecontainers. 3ach

systemis

takencan

The

codedso that the stateand quadranglefromwhich the samplewa:-

be identifiedeasily.

followingobservationsare generhllyr~cordedat each locationsite

for each laboratory.

location- All laboratoriesS-dpplysubcontractorswith at leasttwo copies

of field❑aps. Thesemap:jare gener~llly

❑inute (1:62500), or countyroadmaps.

and/orpremarkedsamplelocation. After

are transferredfrom the fieldmap to an

7.5 minute (1:24,000),15

Each map containsa samplegrid

samplecollection,locations

unrolledcopy thatcan then be

digitizedat the respectivelaboratoryfor latitudeand longitude. Two

laboratories,ORGDP and SRL, also requirea photographof the site. In

addition,SRL requiresdirectionsfor reachingthe site.

weather- Seasonalclimaticconditionsmay drasticallyaffecturanium

concentrationsin surfacewatersand, to a much lesserextent,in

sediments(Fix,1956;

1976). Consequently,

rapidlyas possible.

Germanovet al, 1958;Doi et al, 1975;Rose et al,

hydrogeochemicalsurveysshouldbe completedas

Duringperiodsof high runoff,normaluranium
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concentrations

concentrations

may be diluted whereas aftera prolongeddrought,uranium

in runoffmay be increasedfor a shortperiod(Peacock,

1961;Lopatkina,1964).

relief- Severalelements,includinguranium,in both surfaaewateraand

sediments tsnd to have relatively short dispersion patterns in areas of

high relief (Chamberlain, 1964). Furthermore, access to water may be

diffioultand sedimentmay be absentlocally. Therefore,sample

densities❑ay havq to be Increasf- so that adequateooveragecan be

obtained.

- - Uraniumcontentin both waterand sedimentgenerallyreflects

the localgeology. For example,beceuseof completingof uraniumwith

carbonateions,a streamflowingover carbonateterrainwouldbe

expectedto have higheruraniumcontentthana similarstreamflowing

over siliceousterrain(Levinson,1974). Sedimentsfrom acidicigneous

rocksgenerallyhave greateruraniumconcentrationthan sedimentsfrom

otherrock types (Rogersand Adams,1970). Also,groundwatersthat

circulatealong t..dcturesand faultsmay contributesignificantamounts

of uraniumas well as other trace❑etals (Doiet al, 1975;Dyck, 1975).

Consequently,the localgeo.logvmay be one of the most importantobser-

vationsthatwill help in interpretationof the c!ata.

contamination- All sourcesof contamination,such as mine waters,

;ailings,trash,and man-madestructures(suchas bridges,culverts,and

well casings)are avoidedwherepossible. However,any potential

contaminant,such as uranium-richphosphatefertilizers(Bobergand

Runne-s,1971!,is notedon the data form.

vegetation- In terraincontainingabundantvegetation,relativelyshort

dispersiontrainsin surfacewatercan result. This generallyresults
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from organio matter abaorblng uranium from the water and consequently

increasing the uranium concentration in sediments (Dall’Aglio, 1971;

Dyck et al, 1971).

SAMPLINGDENSITIES

In reconnaissanceexplorationsampling,densitiesmay range fromone

2 2
sampleper 1.6 km to one sampleper 160 km or even greater(Levlnson,

1974). Dispersionhaloeseven for smalldepositscan ordinarilybe detected

as far as severalhundredmetersin groundwater and at least20 km in

streams. Large deposits

downstream(Fix,195b).

area of 8 to 32 kU12$the

in the westernUS can be detectedmany kilometers

Accordingto Hawkesand Webb (1962),for a catchment

surfacedrainaReand/orsedimnt dispersionpattern

for a significantore body may vary from 300 to 3200m. Ostle (1954)was able

to detectanomaliesin surfacewatersover 10 km downstreamfrom wastedumps.

Resultsof Canadiansurveysfor areasextensivelycoveredby lakessuggest

similarinform&tioncan be obtainedon a grid of one samplelocationper

8 km2 comparedto one samplelocationper 16 km2 exceptfor areaswhere

depositsare very localized(Garrett,1977). Clearly,the selecteddensity

dependson geology,hydrology,

possiblefor areashavingpoor

and climate, Completecoverageis not always

accegsor where the geologyis not particularly

favorablefor uraniumdeposits. One shouldchoosea spacingso that at least

two or more samplesfall withinthe anticipatedzone of an anomaly(Levering

et al, 1956). Basedon an extensiveresearchof similarstudiesin similar

terrains,the laboratorieshave selectedthe nominalsampledensitiesshown in

TableII. However,laboratorypersonnelare flexiblein selectionof sample

locations,and den~itiesvary frommap to map.
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The following aeotiona brieflydeaoribe the type of media aamplad for

reapeotive physiographic provinces. An extensive review of the geology and

known and potential uranium hosts oan be found in US Departmentof Ener~

Interim Report (1979 ).

LASL

LASL1atotalland area of responsibilityin the progrem amounts to about

35% Oi’ the US. Sane 250 COO samplelocationswill te tahn from 2.7 ❑illion

lau2of lad. The area includesmost of the RockyMountainstatesand all of

Alaska (Fig. 6). Much of the northernand southernRookies

❑ountainranges eeparatedby intermontanebasins. In these

con’.ist of rugged

mountainsand on

theirflanks,fast-flowingstreams

media. Well-watersamplesare the

basins.

Part of the ColoradoPlateau

containsseveraluraniumdistricts

and theirsedimentsare the majorsample

❑a~or samplemedia in the intermontane

is also in the LASL region,and thisarea

includingthe Grants❑ineralbelt in New

Mexico,which is the largesturanium-producingarea in the US. The climatein

the Plateauregionand in the southernpart of the LASL area of responsibility

is semi-arid. Well watersamplesare collectedwhen possible,althoughin

sparselypopulatedareasmy streambeds,whichusuallyconkainabundant

windblowndebris,may be the only availablesamplingmedia.

Alaskacontainsa diversityof physiographicprovinces. The northern

and much of the intericrof the stateis underlainby regionsof permafrost.

These areasare also extensivelycoveredby lakesand, consequently,primarily

lakewakerand sedimentsare sampled. Two mountainrangescross the state,

the BrooksRange in the nol’thand the AlaskaRange in the south,and in these

areas fast-flowingstreamsand streamsedimentsare predominantlycollected.
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The scutheast part of the state La not only rugged but alao heavily vegetated.

Therefore, primarily streams and stream sediments are colleoted from tl?ia

region.

The LASL awe of responsibility contains extensive mountainous terrain

with diffioult acoesa; consequently, LASL selected a sample density OP one

location per 10 lom2 for the Rooky Mou-..tain states. All sample looations are

preselected by LAX personnel. Surface stwams are seleoted to represent

drainage areas of about 10 la?. Sites which cannot be reached in the field

are reselected to approximate th( original drainage area as closely as pcs-

aible. For sampling in Alaska, a pattern containing 23-km2 grids (1 per

9 ❑iz) is put onto field❑aps and, becauseof accessand gafetyconsidera-

tions,helicopterpilotsselectail samplelocaticnsas near as possibleto

the center

two sample

ORGDP

of each grid square. Streamsare sampledat twicethis Gensityor

locationsper 23 lun2.

The totalarea of responsibilityfor

(Fig.6). Samples in the northernregio:ls

ORGDP is about2 600 000 km2

are collectedmostlyfrom streams

in marshlands. Much of the ORGDParea is withinthe Great Plainsand Central

Lowlands,which is comprisedof generallylow-lyingtopography.Much of this

area is farmedand, whileabundant, surfacestreamsdo not offeroptimum

samples. However,theselowlandsare underlainby extensiveground-water

aquifersand, conseql~~.Acly,ground-watersamplespredominate.

The southernarea of responsibilitywith its semi-aridclimatecontrasts

sharplyto the mid-continentalUS and also containssome known sandstone-type

depositsin the Coastalplainof Texas. Ground-water❑edia providethe best
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Q1. ❑edia here, as streams generally am dry and may contain windblown

material.

The s~le density far ORGDPof one looation per 26 km2 predominantly

refleots collectionof ground-water media. All ground-water looations are

aeleoted according to a grid sygtem. A well looation is aeleoted in a grid

for whioh well log information exists. If a site cannot be reached, an

alternate is ohosen by the sampler,but it is the sampler~areaponsi.bilityto

selecta site near to and representative c? the originaland to oollectthe

necessarywell-loginformation,which includesSUC5parametersas producing

baainsand drainagepatterns. Sitesare selectedby ORGDPpersonnelfor

basinsthatdrainfrom 3 to 30-km2areasand averageabout26 km2. Any

site locationsthat samplersare unableto reachare resel?etedto simulate

the originalsiteas nearlyas possible.

SHL

The SRL areaof responsibilityincludesall or partsof 37 statesin the

easternUS and westernUS, althoughthe proceduresdescribedin this report

generallyreferto SRL’soperationin the easternUS as theyhave only

recentlybegunsamplingin the westernUS (Fig.6). Regionsin the easternUS

consistpredominantlyof rollinghillsand piedmont-typetopography.The

cltiatein theseareasis generallyhumidwith significantrainfalland abun-

dantvegetation. Both streamsaad ground-watersamplemediaare available,

but accessontoprivatepropertymay be locallydifficult.

The SRL regionof responsibilityIn the westernUS includespzrt of the

Basir:and Rangephysiographicprovince. Much of this regionis semi-aridand
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sparsely populated. Consequently, availability of the ground-watw medll~ may

be at a r intium and stream beds may be dry

In addition, muoh of the area has interior

and filled with uindblcnm debris.

drainage, and evaporates and playas

are co-on.

The far

predominantly

westernarea, the

of north-trending

PacifioCoastand SierraNevadaa,consists

mountain rangea separated by valley sya-.

Fast-flowingstreamsand sedimentaru ehundsmt,but acoessis a major problem.

The SRL locations are aeleoted based on a random grid. A sample

location, regardless of the sample type, is selected by the subcontractor for

10 to 50 km2 areas:avem~e spacingis

of thumbare thatno tw adjacentgrid

one site for avery 13 kn?. Rules

squarescan be left vacantand no two

samplepointscan be closarthan 1.5 km. Streamsean drainno ❑ore than three

timesthe areaof the grid; the largeststreamwhichheads in a grid is

usuallysampled.

SUMMARY

The NU1.EHSSR programis one of the largestreconnaissancegeochemical

explorationprogramsever attempted. By the completionof the program,more

thanone millionsampleswill be collectndfrommore than 650 000 sample

locations. All data are reporf.edby 1° x 2° Natioml TopographicMap Series

quadrangleboundaries(Fig.1). Eachquadranglecon’~ainsfrom 1000and 2090

samplelocations;eachsamplelocationconsistsof one waterand/orone

sedimentsample. Uraniumand as ❑any as 43 additionalelementsare reporte?

for each lfitiation,dependingon sampletyp~ and laboratorycapab5iity

(TableII). All informationis consideredconfidentialand not for private
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].
use until it is open filed. These data are thenmade availableto the

public. The magnetictapescan be obtainedfrom:

GJOIS ProJect
UCC-NDComputerApplicationsDept.
4500NorthBuilding
Oak RidgeNationalLaboratory
P. O. Box X
Oak Ridge,Tcnessee 37830
Phone: (6I5) 574-5463

The reportsare availablefrom:

BendixFieldEngineer~ngCorpo~ation
TechnicalLibrary
GrandJunctionOffice
P. O. BOX 1569
GrandJunction,Colorado81501
phone (3C13) 242-8621, Ext. 278
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TABLEI

TYPICALMEDIAUSED IN RECONNAISSANCEGEOCHEMICALSAMPLING

Media

rocks

soils

organic❑atter

gase9

groundwaters

streamwaters

streamsediments

~

Helps to determinepotentialhost rocks;used mainlyin
detailedsurveys.

Extremelyusefulin areas of low relief,thickoverburden,
and arid cllmate;used predominantlyin detailedsurveys.

Somebiogeochemicalprocessesconcentratecertainelements
“?.nplant tissues;extremelyusefulin semi-desertareas and
in detailedsurveys.

Dlleto radioactivedecay,some daughterproducts❑ay be
detecteddependingon atmosphereand soilconditions.

Extremelyusefulin arid areasand give informationon
subsurfaceenvironment;commonlyused in reconnaissance.

Waterscirculateover largeareasand are extremelyuseful
in searchingfor solubleelements;most used in reconnais-
sance.

Usefulin areasof high reliefand give roughindexof
geologyof catchmentbasin;commonlysampledin reconnais-
sanceprograms.
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TABLE II

MEASUREMENTS,NONINALSAMPLINGDENSITIES,
CHEMICALANALYSESFOR THE HSSR PROGRAM

LASL ORGDP SRL

Rocky
Mountaina Alaska

FieldMeasurements
pH pH
temperature temperature
~.,lductivityconductivity
grcundradio- groundradio-
activity activity

dissolved
oxygen

pH pH
temperature temperature
conductivity conductivity

ground radio-
activity

totalalkalinity totalalkalinity
phenolphthalein
mixed-indicator

dissolvedoxygen

Media and
SamplingDensities

Streamwaters
Streamsediments
Groundwaters

Lakewaters
Lake sediments
Organicmatter
Helium

ChemicalAnalyses

Sediment

Water

10 kma 11.5km2
10 kd 11.5ha
10 ha --

(springs and
wells)
-- 23 km2
-- 23 km2
. . --
-.. -.

Ag, Al, Au, Ba, Be, Ca, Cd$
Ce, Cl, Co, Cr, Cs, Cu, Dy,
Eu, Fe, Hf, K, Li, La, Lu,
Mg, Mn, Nat Ni, Nb, Pb, Rb,
Sb, Sc, Sm, Sn, Sr, Ta, Tb,
Th, Ti, U, V, W, Yb, Zn

Ca, Co, Cr, Cu, Fe, Mg, Mn,
MO) Ni, Pb, Ti, U, Zn

26 km2
26 kmz
26 km2

(wellsonly)

--
--

pilotonly
--

Ag, Al, As, B,
Ba, Be, Ca, Co,
Cr, Cu, Fe, Li,
Mg, Mn, Mo, Na,
Nb, Ni, P, Sc,
Se, Th, Ti, U,
V, Y, Zn, Zr

Ag, As, Au, B,
Ba, Be, Ca, Co,
Cr, Cu, Fe, Li,
Mg, M:,,Mo, Na,
P, SC) Se, Ti,
U, V, Y, Zn, Zr,
S04

13 kmz
13 Icma
13 kma

(springsand
wells)
--
--
--

with ground
wateronly

Ag, Al, Ba, Be, Ce,
Co, Cr, Cu, Dy, Eu,
Hf, K, La, Li, Lu,
Mg, Mn, Mo, Nb, Ni,
P, Pb, Se, Sm, Sn,
Sr, Th, Ti, U, V,
W, Y, Yb, Zn

Al, Br, Cl, Dy, F,
Mg, Mn, Na, U, V
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TABLEIII

STEPSIN SETTINGUP AN HSSR PROGRAM

1. GoalsOutlined.

2. Leadershipand Experience.
Experiencedmanagementhelps to ❑inimizeprogramcosts.

3. LiteratureResearchof SelectedArea.
This researchInoludesexaminationof all availableinformation
pertainingto the area of study.Topicsshouldincludephysiography,
geology,struoture,hydrology,climatejknown typesof ~neralization,
geochemistryof element(s)sought,and casehistories.

4. Pilot (Orientation)Studies.
All variables--howto collectthe sample,whichsamplesto collect,
and how to transportthe sample--shculdbe fullyexamined. At the
conclusionof the pilotstudy,a manualof systematicproceduresis
preparedand followedduringlater ‘ollectiorof the samplesfrom
comparableterrains.

5. Completion of Program.



TABLEIV

PARAM~ERS TO CONSIDERIN DESIGNINGAND UNDERTAKINGAN HSSR PROGRAM

A. Geology
a) llthologicregimes
b) structuralaontrols
o) geomorphology
d) weatheringprofiles
e) ore occurrences(mineralized

areas)
f) uraniumoonoentrations,

backgroundvs
anomalous

g) uraniumand indicator
elementgeochemistry

h) dispersionpatterns
i) area to whichpilotapplies

B. Hydroiogy
a) climaticregimes
b) seasonalvariations
c) precipitation
d) surfacewaters(drainage

area,flow rates)
e) groundwaters(aquifers,

rechargerates)

c. SampleTypes
a) surfacewaters (streams,lakes)
b) groundwaters(springs,wells)
c) sedhnent(wet--dry)
d) others(organicmatter,gases)
e) amountof sampleto collect
f) relationamongdifferent

media
g) influenceof topography

D. SampleSpacing(Reconnaissance
Scale)

a) minimum
b) maximum
c) optimumfor each sampietype
d) adequacyof analytical

facilities

E. SampleLocation
a) where to take samples
b) pGtentialoontamlnants

F. SamplePreparation
a) water--notreatment)acidifi-

cation,filtration,ion-
exchangeconcentrations

b) sediment--sieving,type of
sieve❑aterial,drying
considerations,crushing,
acid leach

c) storageproblems

G. SampleContainers
a) water--glassbottles,poly-

ethylene,teflon
b) sediment--polyethylene,

paper,or clothbags
c) storageproblems



TABLEV

SOME PARAMETERSTO BE CONSIDEREDIN FIELDMEASUREMENTS

PH dissolvedoxygen

conductivity Eh

temperature bicarbonate

groundradioactivity chloride

alkalinity sulfate



LIST OP FIGURES

Fig. 1. Indexmap showingregionsof responsibility,pilot studies,
and NTMSquadrangleboundariesfor the HSSR program.

Fig. 2. Typicalf’ieldinstrumentsused in the HSSR program(A = pH meter,
B = conductivity❑eter,C = Horibawaterqualitychecker).

Fig. 3. Typioalfilterassembliesused in the HSSR program(A = LASL standard
50-mlsyringefilterassembly,B = SRL pressurefilterassembly).

Fig. 4. Bottomsamplerused to obtainlake sedimentsin Alaska.

Fig. 5. Representative data form used in the HSSR program.

Fig. 6. Major physiographic provinces for the HSSR.



i-. ., ,/



.



..—— -

&
m ImLDEFt,lw

s-nl-m, mm Mm

HoLmn,wnm

B-’-1=
-INCR

>

--

8

.’





LASL HYDROGEOCHEMICAL AND ST’REAM/LAKE SEDIMENT FIELD DATA
—

w

5
3
Iii

i!
a
2
z

SAWS TYPE(S) 1
LOCATIC?4

I I
DATE

LATITUDE LONGITUDE I <;, I :z~Id!

I m I ‘m’’Os’cm
I I SPECIFIC

CON!’?UCTAIWE i - ~
1!’!1 i I ROCKI SED. i WATER I VEG. lC’=’O1~

I

I I I scl~TILLoME~R 1 GENERAL SITE DATA
c)

WELL DATA

IN THE CASE OF EAC#lCIRCLEDENTRY SPACE, ENTER MOST APPROPRIATEDESIGNATORSLISTED BEM:

@ !EX??S’%%W Q:R%nlw @, !3EOIMEMTARY
2 MEWMORFWIC @I :T*GNANT

@; f#yN (a 1 FEcmAL
2

(cMl?mouwl@LLY AJJ,c,otcJ 3 WET SEEP 3 IGNEOUS 3* : ~H
4 W2T SPRIN6 4 UNKNOWN : ::*&m

5 WE? POND
5 Moss

6DW~
6 NARSH
7 OTHER

? DRY NATURAL POND
U ORY ARTIFICIAL PONO
9 OTHER

@;mflI?~

3 MOOERhlE

oII I SIEVED +40 MESH
4 OENSE

2 SISVEO -40 MESH
5 VERY DEN9E

3 SIEVED -60 MESH
4 SIEVED - IOCI MESH Q %:,,.
5 SIEVED -170 MESN
6 SIEVEO -230 MESH 3 6ENTLE IS-60RI

7 OTHER 4 MODERATE 60-300 R.
5 HlGM>300m
6 OTHER

SLOW
UODERA7E
,.-

ws~-~ –
3 PRIVATE
4 INOIAN
5 OTHER

@ I N(NIE
2 MINING
3 AGRICUUURE
4 OQUSTRY
5 SEWAGE
: ~; GENERATlm

8 RECNEATI13!4
9 OTHER

Q

3
A

w %%AM<LsmvmE?/g!l AMM6m Wms

? N&lWAL POND
9 ANTIFtCtAL PONO
* OTHER

qffj!jjr”

@@

@a@: :yTE#uFF

3 ORANGE
4 PINK/RED

“ ... .”-...

@JclaR
2 WRKY
3 Clm.lov
: &Y

6 OTNER
@I mULoERs

2 COS6LES
3 6RAVEL
: ;.:0

6-

WINDMILL- STocK
WINOMILL- 00ME!5TIC
SIMNENSIEILE ?UMP
W&T~O~pPUUP

L~~oEm~tWIdE
. ..,” .,....,”

--- ----
R @ ENTER%’ WREN

COMMENTS ARE MADE
6
7.040 cNTER W WnEN

SPECIAL MEASUREMENTS
ARE MADE

-—-- ..
7 OTHER

s w E KGa5T
4 RAINY
s sNawY

0 unnnuwm

9 OTNER

*M~~$ EXPLAIN ALL “OTHER” DCSN3NA#RS USED ASOV& PLUS OESCRIEE AU UNUSUAL OR SIGNIFICANT CONDITIONS SUCH AS SPECIAL RESTRICTIONS, TYPE ( d ANO PROXIMITY OF
CONYAMlMAN13, WMMTITY OF ORWNE OESRIS, WELL CASING DESCRIPTION (AGE, RUST, AMOUNT OF USE, .tc.), AOUIFER DESCRIPTION (NAME, EPTH, ●e.}, STREAM CHANNEL
OESCRt~kOM, ANO OENERAL ROCK NAME WNEN @IOWN. NOTE EVIOENC= OF RECENT PRECIPITATION.

SPECL4L FIELO MEASURE ME !iTS
AS PER CONTRACT SPECS

● ● a 9 m B

ah?d me ##H@ a ● . -“1-?4
I I
I I

1’
,’ . I I,
#$

I ~N71PV W/W TNE A60VE SAMPLE NM SEEN TARSM ANDlREtiIEDAS SPECIFIED BY I-MI. ANO INDICATEO ABOVE

,; $ U HSSlhMAR X
,+~-”z .-. ...
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